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Foreword 
 
The third workshop of the ‘Network of Experts for ReDeveloping Models of the European 
Marine Environment’ was held on 20-21 March 2018 in Brussels, Belgium, jointly organized 
by DG Environment and DG JRC (Water and Marine Resources Unit) within the framework 
of the Administrative Arrangements (N110661/ENV.C.2/2016/733192 and 
N070201/2017/765512/SER/ENV.C.2 34450.JRC) and the Marine Strategy Framework 
Directive (MFSD). The aim of this workshop was to continue the information exchange 
between the Commission and marine modelling experts with a particular focus this year 
on high trophic levels modelling. Contributions addressed innovative modelling approaches 
in coastal zones and European regional seas using ecosystem/food web modelling for 
assessment, indicator development and scenario building in support of MSFD 
implementation. One aim of the workshop was to learn about existing work and to draw 
lessons for the build-up of the European modelling effort. Another important objective of 
this initiative was to narrow the gap between modellers and decision makers in order to 
better exploit the full utility of models. Researchers from around the EU and the world 
provided a total of 17 presentations. This report summarizes the workshop and provides 
further detail on the presentations, discussion and conclusions. 
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1. Introduction  
 
 
The marine environment is a very wide field of study, so a targeted step-by-step approach 
has been pursued aiming at building an EU modelling framework, increasing the considered 
environmental issues and the modelling geographical coverage. Holistic ecosystem 
assessments are required by the MSFD to achieve the “Good Environmental Status (GES)”. 
Ecological modelling could play a key role both in the implementation of the MSFD and in the 
assessment of other EU-level policies that have an impact on the marine environment, by 
evaluating the ecological status of an ecosystem and by assessing different policy strategies. 
Contributions to this workshop addressed innovative modelling approaches in coastal zones 
and European regional seas using ecosystem/food web modelling for assessment, indicator 
development and scenario building in support of MSFD implementation. One aim was to learn 
about existing work and to draw lessons for the build-up of the European modelling effort. 
Another important objective of this initiative was to narrow the gap between modellers and 
decision makers in order to better exploit the full utility of models. 
Following the format of previous meetings (Macias et al., 2016 and 2017), this third workshop 
of modelling experts group (MEME) was organized as a 1.5 days workshop with selected 
presentations from invited scientist (see details below). Joint sessions of discussions were 
organized with a two folded aim; (1) to fully understand where the ecosystem modelling 
community stands at EU level in terms of models’ development and application and (2) to 
explain actual and future policy needs from such modelling tools.  
As the development of the European Commission marine modelling framework (MF) 
progresses towards the implementation of food-web high-trophic levels models, it is crucial 
that the scientific community is aware of such efforts, having the opportunity to express their 
opinions/concerns and to participate in model development and implementation. This 
transparent approach is essential in order to avoid later criticisms about the tools when they 
start to be used for policy-support and to ensure that the best available science is used. 
 
This third workshop of the modelling experts group will, thus, serve to continue and improve 
the collaboration and awareness within the network. This workshop was jointly organized by 
DG ENV and DG JRC within the framework of the Administrative Arrangements ENV 
N110661/ENV.C.2/2016/733192 and ENV N070201/2017/765512/SER/ENV.C.2 
(34450.JRC) and thematically focused as described below. 
 
 
This report also includes three Annexes with (I) the list of participants and the title of the 
corresponding presentations, (II) the Abstracts, and (III) the Workshop Agenda. 
 
 
2. Tuesday morning. Use of modelling for policy support 
 
Four presentations were carried out within this session by G. Hoermandinger (DG ENV), D. 
Macias & C. Piroddi (DG JRC), V. Christensen (UBC) and by K. de Mutsart (G. Manson Univ.). 
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On the first talk, G. Hoermandinger welcomed the group to this third workshop stressing the 
growing importance of modelling as a policy support tool. Such tools are very useful, for 
example, to evaluate the cost/benefit of policy options and to perform impact assessment 
studies. He mentioned that the inspiration to create the Marine Modeling Framework (MMF) 
within the EU-Commission came from the air-quality field where numerical models have been 
used for decades to evaluate the impact of policy options on air quality. The strategy adopted 
by the Commission for the MMF is to build an ad-hoc modeling capability using external 
contractors to gather needed data to feed the models with, while informing member states 
about these tools. He stressed the need to create end-to-end, earth-system like models (land-
ocean-atmosphere) and to make sure that such approaches and methods are solid and sound 
to avoid criticisms from member states. Also, he mentioned that there is a growing need to 
bring the gap between ecosystem modelers and traditional stock-assessment models (for 
fisheries management). The ecosystem approach to fisheries management is a requisite in 
the Common Fisheries Policy and the MEME network could help bringing the two 
communities closer.   
  
The second talk, delivered by D. Macias & C. Piroddi presented the Marine Modelling 
Framework (MF) developed at DG JRC with the aim of providing policy-support to EU 
initiatives dealing with the environmental status of EU regional seas. The general structure of 
the MF was presented as well as a schematic representation on how such tools could be used 
in the policy evaluation cycle. A general overview of current implementations and progress 
of these approaches at EU scale was shown, together with some specific examples of present 
and past applications of the MF for the Mediterranean Sea, which was the first regional sea 
of being assessed by JRC.   Based on these Mediterranean exercises, indications were given 
to the participants of the MEME network on how they could assist the EU MF, e.g., in 
supporting further building and/or refining of the different EU models within the MF.  
After the presentation, V. Christensen proposed to use database-driven models within the 
MF as a way to speed up the process of updating and refining models, as more data become 
available. B. Planque indicated that in such ‘modular’ framework, a multi-model approach 
should be needed, so strengths and weaknesses of each individual model could be assessed. 
J. Jackaki then expressed the need to use some kind of ‘coupler’ that allows to choose 
between models and J. Bruggeman responded that FABM (Framework for Aquatic Biological 
Models) could be an appropriate ‘coupler’ (FABM being already included in the present MF 
implementation). V. Christensen commented that an exercise similar to the IPCC-MPI could 
be done in the ecological field and that something of this kind has been already conducted by 
the Fish-MIP initiative (https://www.isimip.org/gettingstarted/marine-ecosystems-
fisheries/). A. Stips and G. Hoermandinger found the notion interesting and proposed to try 
to find if there were ways to fund such inter-comparison exercises.  
 
In the third presentation, V. Christensen spoke about his experiences on using higher trophic 
level ecosystems models (mainly Ecopath with Ecosim (EwE)) for management and policy 
support. He started indicating that there are currently more than 600 EwE models worldwide 
and that none of them have been used for policy (e.g., establishing catch limits in fisheries). 
The reason of this being that EwE is not designed to provide this type of assessment but rather 
for studying ecological indicators, evaluating trade-off between fisheries and the 
environment and for climate-environmental impact assessments. For EwE models, data 
quality is fundamental to create a sensible and rational ecosystem model. He then presented 
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examples on how EwE has been used for seven different purposes within the 
management/decision support context:  
1. fisheries management: for the definition of reference points (FMSY); for tradeoff 
scenarios and as operational models for MSE (management strategy evaluation); 
2. fisheries regulation: for multiple fisheries, bycatch reduction, gear selectivity, EU’s 
landing obligations; 
3. biodiversity indicators assessment : for MSFD and ecosystem reports cards used to 
define the importance of selected species in the ecosystem; 
4. fisheries sector: evaluation of the economic, ecologic and social impacts of 
management; 
5. spatial management: for  establishment of MPAs and marine food-web transfer of 
radionuclides; 
6. environmental impact assessment: for construction of dams for renewable energy 
production or for building a terminal in an area important for several marine species. 
7. evaluating climate change impacts: linking EwE to Earth System models (ESMs e.g., 
IPBES, IPCC) and to GETM/FABM for several case studies in the Mediterranean and 
Salish Seas and the Arabian Gulf. 
 
After the talk, B. Planque mentioned that ICES working groups are not using EwE in their 
assessment, mostly because there is a lack of confidence on model evaluation as few of them 
are properly validated. It was mentioned that this is not a general rule but is rather dependent 
on the working group composition and terms of reference. V. Christensen also added that 
having external review of models is valuable to increase models robustness. 
 
On the fourth and final talk of the morning, K. de Mutsert  spoke about the use of ecosystems 
models to evaluate tradeoffs in coastal management. She presented the case of the Louisiana 
coastal area around the Mississippi river outlet where models have been applied to tackle 
Ecosystem-based management of fisheries (EBFM) and help with ecosystem restoration. Kim 
exposed that 90% of wetland loss in the US happens in Louisiana and so authorities are trying 
different options to stop it. One line of action is to divert part of the river outflow to areas 
under risk in order to restore the estuary and they are applying ecosystem models to study 
the potential ecological impacts of such actions. A combination of Delft3D + biogeochemistry 
+ vegetation model was linked to Ecospace (the spatial module of EwE) in order to simulate 
the impacts of the proposed flow changes on the ecosystem. The different scenarios were 
compared and referred to a ‘future without action’ (similar to Business as Usual, BAU) 
simulation where relative changes in habitats and marine resources (especially commercially 
important fisheries) were evaluated. 
 
After the presentation, A. Stips asked if sea level rise was taken into account and K. de Mutsert 
confirmed it was included in the analysis. J. Vandermolen asked about the carrying capacity 
of the system and on the issue of just displacing the problem (by changing river flow). K. 
de Mutsert highlighted the need to have some benefit in the area because, as is, resources 
are going to be lost and there will be zero benefit. The main measure to be done is nutrient 
reduction. S. Booth asked about the main drivers affecting the system and K. de Mutsert 
answered that dissolved oxygen is one, but definitely, salinity is the biggest driver. 
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3. Afternoon session. Coupling low trophic level-high trophic 
level modelling 
 
 
J. Steenbeck presented several examples on how Ecospace has been used to advice policy in 
different EU contexts. Four different examples were provided. (1) COSM-INSITE: a project 
aiming at exploring changes in food-web structure in the North Sea by the decommissioning 
of man-made infrastructures. (2) DESSIM: a decision support system for the management of 
Israel’s EEZ. (3) FISH-MIP: the Inter-Sectoral Impact Model Inter-comparison Project - 
Fisheries sector, a parallel exercise to the IPCC’s MIP. (4) SAFENET: a project aiming at 
evaluating the effect that MPAs and MPAs connectivity might have on the ecosystem and on 
overall fisheries sector of the Mediterranean Sea. J. Steenbeck finished his presentation 
talking about the MPS Challenge (Maritime Spatial Planning Platform Edition), a ‘serious’ 
videogame aiming at helping stakeholders and managers understanding the multiple 
constrains and interactions in marine ecosystems and, thus, training them to make better 
management choices in the future. At the moment, such MSP gaming exists for three case 
studies: North Sea, Firth of Clyde and the Baltic Sea but it is planned to be implemented also 
for Israel and the Adriatic Sea. 
 
S. Heymans gave a talk about the role that European Marine Board (EMB) plays on interlinking 
science and policy at EU level. She centered the presentation on explaining the recent 
activities of EMB, particularly on a policy brief that EBM is preparing which assessed and 
recommended the use of ecosystem models for evidence-based policy making. In spite of 
excellent modelling capabilities in the EU, there is an evident gap between what the scientific 
community is producing and what is needed from policy-makers. The role of EMB is, precisely, 
to bridge this gap and help making a better, more efficient use of scientific tools in the context 
of policy support. 
 
G. Jorda explained how future scenarios for marine pressures are being built in the context of 
the EU project CERES. They are building socio-political scenarios for fisheries and aquaculture 
in EU in conjunction with climate change scenarios. The number of potential combination of 
these different aspects is very large so a reduction of the number of possibilities is needed. 
The used the SSP for the socio-economic pathways definition and then combine those with 
RCPs (4.5 & 8.5) to create storylines (4 final choices). For each storyline they are obtaining 
numbers for the different pressures on marine ecosystems and trying to extract meaningful 
information for the fisheries sector by analyzing particular groups (stocks) in certain areas. 
 
On his presentation, B. Planque showed a different approach to ecosystem modelling, the 
‘null modelling of marine food-web dynamics’. This methodology acknowledges the complex 
dynamics of marine food-webs and instead of trying to model all complex processes, it 
focuses on the implementation of few constrains (“limits”) and general principles. This way 
you can obtain ‘plausible’ state space ecosystems and highly non-linear dynamics, that 
potentially could also simulate regime shifts. This is a complementary approach to more 
traditional modelling strategies as it could set ad-hoc the potential existing space for many 
model parameters and structures. 
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N. Serpetti showed the audience an end-to-end application of models to study the west coast 
of Scotland ecosystem. They linked NEMO with ERSEM and Ecospace to investigate the top-
down and bottom-up controls of the marine ecosystems in the area. In particular, they 
evaluated temporally and spatially the effect of different temperatures rising (IPCC scenarios) 
and Maximum Sustainable Yield (MSY) on the ecosystem. Results of this modelling exercise 
showed significant changes on habitat areas through bottom-up processes in the region. 
Temperature seems to control the ecosystem. Herring population on the other hand seems 
not to be able to recover in the future.  
 
M. Tomczak presented an investigation about the links between anthropogenic-derived 
fertilization of marine ecosystem and fisheries on the Baltic Sea.  For that they evaluate three 
nutrients load scenarios (no change, increase and decrease) together with one climate 
scenario (based on A1B). They run an ocean model and feed its prediction into an Ecospace 
model of the Baltic Proper. Counterintuitively, they found that under the nutrient reduction 
scenario, cod fisheries increases because of the complex, non-linear processes linking the 
different components of the food-webs.  
 
J. Jackacki explained two on-going projects (started in 2017) at his research institute, FindFish 
and WaterPuck. The first project aims to increase the interchange of information between 
researchers and fishermen in order to maximize profitability of their economic activity. The 
second initiative is focused on improving the natural environment as well as the development 
of regional and national economy. In both projects a suit of models are being used covering 
from the atmosphere to the ocean and the ecosystems all of them linked by using an 
appropriate coupler.  
 
The following presentation by E. Akoglu dealt with the evaluation of Black Sea fish stocks 
under changing environmental and climatic conditions. Their aim was to build the path 
towards a holistic representation of the Black Sea ecosystem with the goal of providing 
sophisticated predictions and management advice. For that, they coupled a hydrodynamic-
biogeochemical model with EwE using the Fortran version of the EwE software. The coupling 
was done off-line even though an online version of the software is expected to be released in 
the near future. The simulations covered two different time-slices, 2000 – 2014 and 2015 – 
2020 (under RCP 4.5). The comparison of both periods showed that zooplankton biomass and 
net primary production will decrease in all regions as well as fish stocks, particularly 
anchovies. Sprat will be the only fish showing an increase. Surprisingly the changes in 
zooplankton and primary production were much smaller than those simulated for fish. The 
MSY routine of Ecosim was used to advice how much it should be caught in the area. The 
FMSYs obtained by the following routine were then compared with the STEFC estimates 
(stock assessments). Results showed lower values for FMSYs of the Ecosim model, suggesting 
that predation, which is accounted for in Ecosim and not in the single stock assessment of 
STEFC might be the reason of such a difference.  V. Christensen commented that the analysis 
conducted with FMSYs should be re-assessed since in other studies he has seen opposite 
trends (FMSYs higher from Ecosim than from stock assessments).  
 
In the last presentation of the session, J. Bruggeman talked about their experiences on linking 
biogeochemical models with fish/higher trophic level models. In this sense, the fundamental 
issue laid on the very different time-scales relevant for each type of model (minutes for the 
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biogeochemistry and weeks to month in the higher trophic levels ones). Making the coupling 
of these two type of models was not trivial as over-shooting and flashback issues should be 
avoided. The second issue with the coupling was the spatial dimension, as it should be 3D for 
the biogeochemistry but only 2D for the fish/higher trophic level models. The horizontal 
movement of the fish was also considered; in particular the Ersem-Mizer coupler was able to 
reproduce nicely zooplankton mortality caused by fish. This was not a perfect tool but it 
provided useful indications on how to move forward. J. Bruggeman concluded highlighting 
that offline coupling is still at the moment the best option for an end to end modelling 
approach.  
 
The day closed with a short general discussion session initiated by G. Hoermandinger who 
mentioned that it was nice to see lots of higher trophic level models applied at EU scale and 
going in the same direction of what EC has envisioned. He wondered about the best practices 
to be adopted to perform meaningful model validation and about the need to set-up 
standardized methods. He stressed that the aim of the Commission, on the short term, is to 
make the models within the MF operational but that, in the longer term, an effort for model 
interchangeability should be done. B. Planque closed the discussion mentioning that in spite 
of all good will and transparent approach the Commission is adopting on the MF 
development, strong criticisms and skepticism should be expected once the tools are put to 
work. 
 
 
 
4. Wednesday morning. Use of modelling to address one or 
more MSFD descriptor. 
 
 
The third session of the workshop started with a presentation by R. Thorpe about the 
challenges of determining multispecies MSY in fisheries modelling. Maximum sustainable 
yield is a concept easy to define (i.e., maximum yield which can be taken indefinitely from the 
stock while maximizing profit) but very hard to calculate, especially when multiple stocks are 
exploited jointly. However, exploiting fisheries resources at MSY levels is embedded in major 
EU legislations, such as the CFP. Given the difficulties and uncertainties associated to MSY 
determination, it is safer to work on ‘ranges’ with the final decision on catches levels being 
taking through a political ‘discussion’ process. In this presentation, Robert showed an analysis 
of a multi-fleet, multi-species fisheries in the North Sea comparing the catches, risks and 
profits derived from single-species MSY approach and from the multi-species MSY 
management. Their modelling analysis showed that it is much more profitable to adopt a 
multi-species approach than the traditional single-species management. 
 
On the second talk, J. Brito presented an application of EwE and Ecospace for the Azores 
archipelago region. In their modelling system they include fisheries as external forcing (top-
down) but also primary productivity (bottom-up). Indeed, they found that in order to bring 
together model results with observations (catches), primary production should be taken into 
account as ecosystem driver. The second part of the presentation and following discussion 
centered on how to validate spatially-explicit model results against meaningful observations. 
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J.-N. Druon presented his work on zooplankton habitat estimation from remote sensing 
information. Zooplankton is the major connection vector between the low trophic levels and 
the high trophic levels and yet is one of the most difficult variables to constrain in 
biogeochemical models. With his approach, he computed a ‘habitat envelop’ to estimate the 
daily habitat for zooplankton using the surface chlorophyll concentration provided by remote 
sensing data. This approach has been applied to a number of different fish species as each 
individual species has its own requirement and so its food ‘availability’ map is particular. The 
same approach is now starting to be applied to chlorophyll estimates coming from 
biogeochemical models in order to analyze changes in future scenarios considering, for 
example, climate change. 
 
On the following talk, S. Libralato spoke about the need of testing ecosystems’ models results 
before using them to build scenarios. He showed two different examples of his lab work, an 
Ecospace model for the Strait of Sicily and an end-to-end model for the entire Mediterranean 
Sea. In the first exercise, he compared model results (e.g., biomasses, catches, fishing 
mortalities) with acoustic-trawl surveys and stock assessments, highlighting the need of such 
sensitivity analysis in order to assist decision makers. In the latter exercise, system sensitivity 
analysis was carried out to understand how perturbations propagated up through the food-
web. They found that the system has a long ‘memory’, e.g., relatively short perturbation at 
phytoplankton level ‘live’ for a long time at higher trophic levels. He finished the presentation 
showing another application of ecosystem modelling applied to the northern Adriatic Sea. A 
careful calibration and validation of this model has been performed raising a question to the 
audience on how to properly perform validation of complex models and how to properly 
assess their uncertainties. 
 
K. Tierney presented a different application of EwE Ecospace and Ecotracer models, the 
tracing of radioactive substances through the food web. Their application focused on the 
western coasts of Scotland where large amounts of C14 derived from nuclear activities entered 
the marine system in the form of Dissolved inorganic Carbon (DIC). Main point of his 
presentation was the need to move toward a 3D approach capable of simulating the complete 
dispersion of these substances in shallow, coastal regions characterized by strong tidal 
currents.  
 
The final presentation of the workshop by S. Booth continued on a similar topic, showing the 
use of HTL ecosystem model to track contamination through the food web after nuclear 
accidents. He showed the Ecotracer module of EwE software applied to of the Fukushima 
nuclear disaster case. He then moved to the Gulf of Lion region where they are starting to 
setup a similar system considering that the Rhone River is one of the most ‘nuclearized’ 
watercourses in Europe and at the same time an important area for a series of ecosystems 
services.  
 
 
5. Discussion session and Conclusions 
 
At the end of the second day of the workshop there was a general session open for discussion 
with all attendants. The session was opened by C. Piroddi who stated that it was quite obvious 
the interest of the scientific community to contribute to the development of the MF but that 
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a smart strategy should be developed to push this interest forward (funding, common papers, 
etc..) 
 
A. Stips highlighted the need to stablish a solid protocol/approach to handle uncertainty in 
ecosystems models. He even suggested the need of specific funding/project to further 
elaborate on the issue. On this remark S. Heyman indicated that individual people/projects 
have already worked on this problem, it might be just needed to bring all experiences and 
expertise together. Independently of this need, policy-makers need answers NOW so we must 
try to work with tools we have at hand and make the most of them. This final statement was 
also supported by V. Christensen.  
 
B. Planque indicated that there are still data gaps to be filled in, especially regarding benthic 
and epipelagic ecosystems. A. Stips replied that, indeed, models could help directing data 
collection programs by identifying the major gaps, and that this is something already expected 
though the MSFD. J. Steenbeck mentioned that there is not enough re-use of existing data as 
many of them are not properly stored/referenced to be accessible outside the generating 
teams. A. Stips replied that this situation is slowly changing (at least at EU level, e.g., 
EMODNET) with the obligations of open-data and accessibility under EU regulation.  
 
Then G. Hoermandinger wanted to share the politicians’ view on the issues at hand. DG ENV 
asked JRC to model “everything”, and this to highlight/evidence the limitations of the tools 
currently available and concrete examples of what can actually be done. He mentioned that 
science and policy at EU levels move at different paces and that knowledge management 
could help bridging the gap between these two worlds. MEME workshop is a very good 
example on how to provide a direct link between policy-makers and scientists. He mentioned 
that a few important EU pieces of legislation are entering on their evaluation phase (Urban 
Waste Water Treatment Directive and Common Agricultural Policy) and that models are 
expected to play a big role in these processes. He suggested the network to be prepared to 
address issues related, for example, with eutrophication, plastics and fisheries. 
 
V. Christensen asked G. Hoermandinger whether different initiatives such as Nature 2000, 
Biodiversity and EIA are related with DG ENV activities. He replied that the Nature 2000 
Directive is aside DG-ENV tasks. In any case, coordination between the different DGs occurs, 
might not be perfect, but they are improving with time (more work is still needed).  
 
S. Heyman posed the question on ‘what’s next?’ C. Piroddi replied that the plan for the short 
term is to finish the Mediterranean Sea EwE model and then contacting the different experts 
to try to get ‘implementations’ for the other regional seas. For doing this, some sort of 
standardization should be done. G. Hoermandinger added that models are needed to be 
‘ready’ by spring 2019 at the latest, because after that, there will be changes within the 
Commission and everything will be put ‘on hold’. 
 
N. Serpetti indicated that ‘standardizing’ is not the only way to run ENSEMBLE simulations, 
suggesting that perturbation methods, as presented by S. Librarato, could also help assessing 
uncertainty and, thus, increasing models’ reliability.  
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M. Tomzcak pointed out that it is unrealistic to expect to have all models ready and 
‘standardized’ in 6 months, and that maybe a better tactic is to work  with the different 
configurations available at the moment and then refine/modify them to a standard format in 
the future. G. Hoermandinger agreed in this type of ‘two-step’ approach. 
 
Taking the last comment given by M. Tomzcak, there was a final suggestion from the 
participants to run scenarios testing on available models. For example, each modeller tries to 
run their individual models with the Blue2 database and applying same scenarios simulations 
as Blue2 (e.g., BAU, nutrient reduction, MSY), having GES criterion in mind. Such an exercise 
will help identifying gaps and crucial differences between used approaches. This could lead 
to scientific publications, something that everybody can benefit from. J. Bruggeman said that 
if there were no specific funding for this initiative many of the researcher would not be able 
to devote specific resources to it, it should be linked to their already on-going activities.  
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Annex II: Abstracts 
 
1) Null Modelling of Marine Food-Web Dynamics 
 
Benjamin Planque 
 
A novel approach to model marine food-web dynamics, based on a combination of chance 
(randomness) and necessity (system constraints), was presented for the Benguela system by 
Mullon et al. in 2009. It was subsequently re-tested (with a new numerical code) for the same 
ecosystem and then implemented for the Barents Sea ecosystem. The model was coined 
NDND for Non-Deterministic-Network-Dynamics. NDND simulations have shown that, 
contrary to common assumptions, many observed patterns of ecosystem variability can 
simply emerge from basic structural constraints within which the ecosystem functions, rather 
than pre-defined trophic functional relationships. Multiple ecosystem dynamic patterns such 
as biomass pseudo-cycles, variation and volatility, diet, stock-recruitment relationships, or 
top-down vs. bottom-up cycles can be reproduced in NDND simulations. 
These results show that investigations of food web dynamics in marine ecosystems, including 
the definition of reference states and responses to climate and exploitation pressures, may 
be achieved with models that are structurally simple and based on few well-established 
assumptions. Non-deterministic-network-dynamics models can constitute powerfull ‘null 
models of food-webs’ for academic and management oriented research in marine food-web 
dynamics. 
  
 
2) Spatial/temporal coupling of Ecospace/NEMO-ERSEM: the West coast of Scotland 
example 
Serpetti, N., Burrows, M.T., Artioli, Y. and Heymans, J.J 
  
To improve the model performances on simulating the spatial distribution of species, the 
Ecospace model of the West coast of Scotland was coupled with outputs from NEMO-ERSEM 
physical/biogeochemical modelling. NEMO-ERSEM annual net primary productivity and 
temperature output were used to drive the Ecospace phytoplankton biomass and species 
habitat capacity using the spatial/temporal framework. Resulting species spatial distribution 
were therefore driven by bottom-up phytoplankton distribution and water temperature for 
few selected species (to avoid model overfitting) as well as species dispersal rates, habitat 
preferences and predator/prey interactions. Results showed an improvement of predicted 
species distribution that cascades through the entire food-web. 
The Ecospace predicted distribution of fishing effort1 and cetaceans2, seabirds2 and kelp3 
distributions will be then validated using external modelling datasets. 
  
1 Rouse, S. et al., method in development. 2 Waggit, J. et al., GAMs modelling, manuscript in 
preparation.3 Burrows, M. et al., GAMs modelling, manuscript in preparation. 
 
 
3) Policy brief: End-to-end marine modelling needed for evidence-based policy making 
  
 
16 
Morten Skogen, Sheila JJ Heymans, Cosimo Solidoro and Corrina Schrum 
 
A small writing group lead by Morten Skogen (IMR) and Sheila Heymans (SAMS, EMB) and 
two additional experts Corinna Schrum (Helmholtz Institute, Germany) and Cosimo Solidoro 
(National Institute of Oceanography and Experimental Geophysics, Italy) are currently 
engaged in the Policy Brief on ‘Enhancing Europe’s capability in end-to-end marine ecosystem 
modelling for societal benefit.’ The policy brief was initialised at an expert workshop 
organised on 7 July 2017 in Plymouth, UK, back-to-back with the international AMEMR 
(Advances in Marine Ecosystem Modelling Research) conference which gathered the expert 
community input on this topic. The workshop focused on End-to-End Marine Ecosystem 
Modelling and brought together international experts from 12 countries for interactive 
discussions. One of the outcomes of the workshop was that, although Europe has excellent 
capability in Marine Ecosystem Modelling, there remains a mismatch between scientific 
research and what policy makers need to know. It is therefore timely to conduct foresight 
activities at European level and communicate community-driven European research needs 
and priorities to policy makers and wider stakeholders. The policy brief looks at the state of 
the art, with some case studies, emerging science, gaps and future research needs. The 
Working Group aims to have a full draft in early 2018 ready for external review. 
 
4) Impacts on the Gulf of Lion from potential nuclear accidents 
Shawn Booth   
IRSN/PSE-ENV/SRTE/LRTA BP 3 13115 St Paul lez Durance cedex, France 
 
 
The Gulf of Lions (GOL) is an important area for both French and Spanish fishing fleets with 
catches of approximately 7104 tonnes and 1630 tonnes, respectively in 2015. In light of the 
Fukushima event and the devastation that it brought to the human and ecological systems, it 
is important for policy and decision makers to be informed of the potential effects that a 
nuclear accident may have on the seascape and the economies of an affected region. The 
Rhone is one of the most nuclearized rivers in the world and flows into the GOL, and thus, an 
accidental release of radionuclides into the river would have impacts on the social and 
ecological communities of the area. An ecosystem model of the GOL is therefore being 
constructed using the Ecopath with Ecosim modelling suite to estimate the current fluxes and 
concentrations of 137Cs in the ecosystem with the aim of having it in place in case of an 
accident. The aim is to provide decision and policy makers with a tool to examine the 
economic effects of fishery closures as well as a potential timeframe of when it is safe to 
reopen the fisheries. The model will use scenarios of varying levels of radionuclide releases 
to the sea in order to provide a framework for important decisions regarding the protection 
of biota and human health. 
 
5) USING ECOSYSTEM MODELING TO EVALUATE TRADE-OFFS IN COASTAL MANAGEMENT: 
EFFECTS OF LARGE-SCALE RIVER DIVERSIONS ON FISH AND FISHERIES 
 
Kim de Mutsert1, Kristy Lewis2, Scott Milroy3, Joe Buszowski4 and Jeroen Steenbeek4  
1George Mason University, Fairfax, VA, USA 
2St. Mary’s College of Maryland, St. Mary’s, MD, USA 
3The University of Southern Mississippi, Long Beach, MS, USA 
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4Ecopath International Inititative, Barcelona, Spain 
 
 
A coupled ecosystem modeling approach was used to evaluate how select combinations of 
large-scale river diversions in the lower Mississippi River Deltaic Plain may affect the 
distribution, biomass, and landings of fish and shellfish over decades relative to a future 
without action. These river diversions are controlled openings in the riverbank of the 
Mississippi River designed to reintroduce sediment, water, and nutrients into hydrologically 
isolated coastal wetlands in order to mitigate wetland loss. We devel-oped a spatial 
ecosystem model using Ecopath with Ecosim (EwE) software, and prepared it to receive 
output from a Delft3D hydrodynamic model coupled to primary production models. The 
Delft3D model provided environmental drivers including salinity, temperature, Chl a, total 
suspended solids, and change in wetland cover as a result of simulated river diversions over 
decadal model runs. Driver output was averaged either daily, monthly, or annually depending 
on the parameter. A novel oyster-specific subroutine was developed to incorporate 
information at daily intervals in Ecospace, while Ecospace runs on a monthly time step. The 
ecosystem model simulates biomass and distribution of fish and shellfish species, and 
landings of targeted fisheries species, as a result of environmental changes projected for a 
preliminary set of management scenarios designed to evaluate and screen select 
combinations of river diversions. Abundant local field samples and landings data allowed for 
model calibration and validation. The results of simulations indicate that inflow of Mississippi 
River water in estuaries may cause local shifts in species assemblages. These changes were in 
some cases direct effects of decreased salinity, such as locally reduced Spotted Seatrout 
biomass. Changes in some other species in the affected areas resulted from indirect effects; 
for example, reduced Chl a (as a result of increased TSS) resulted in near-field reductions of 
Gulf Menhaden. The simulations also showed that local biomass reductions were mostly the 
result of redistribution, since the scenario with the proposed diversions open had minimal 
impact on the total biomass or landings of species simulated in the Mississippi River Delta as 
compared to a future without action. The model and its output were used as a decision 
support tool to help evaluate and compare alternative management actions. The results of 
this study played a role in the decision by the Coastal Protection and Restoration Authority to 
prioritize moving forward to conduct more detailed analyses through engineering and design 
of the two middle diversions but not the two lower diversions that were tested in this study. 
 
 
PRESENTER BIO: Dr. de Mutsert is Assistant Professor in the Department of Environmental 
Science and Policy at George Mason University, and the Associate Director of Research at the 
Potomac Environmental Research and Education Center. Her area of expertise is coastal and 
estuarine fish ecology with a focus on ecosystem modeling. 
 
Contact Information: Kim de Mutsert, Department of Environmental Science & Policy, George 
Mason University, 4400 University Dr. MSN 5F2, Fairfax, VA 22030. Phone: 703-993-4480. Fax: 
703-993-1066, Email: kdemutse@gmu.edu. Web: demutsertlab.com. 
 
 
6) Modelling Multispecies MSY – an example from the North Sea 
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Robert Thorpe 
 
Fisheries management science is traditionally applied to stocks of a single species in one 
region of the ocean at a time i.e. each separate fish stock is treated as if it is isolated.  
However, we know that fish stocks may compete for the same food, and individuals of one 
stock may eat another. Not only that, but fishing fleets may capture fish of several different 
species at the same time, so in practice, only rarely are stocks and fisheries isolated from each 
other. Ideally, the interactions between fish species and the fisheries should be considered, 
so that multispecies and mixed fisheries effects are properly taken into account. 
  
Here do this for the North Sea using new methods that represent the complex food web of a 
multispecies fishery using only a modest set of parameters allowing more rigorous treatment 
of the many uncertainties involved in fish stock modelling.  Our analysis of the North Sea 
fishery shows a) fisheries management has improved substantially since the 1990s, b) recent 
declines in primary productivity are adversely affecting the heath of pelagic stocks, and c) 
risks to pelagic stocks may increase further in the future due to human-induced climate 
warming. 
 
 
7) Reducing eutrophication increases spatial extent of communities supporting commercial 
fisheries: a model case study  
 
Barbara Bauer, H. E. Markus Meier, Michele Casini, Ayoe Hoff, Piotr Margonski, Alessandro 
Orio, Sofia Saraiva, Jeroen Steenbeek, and Maciej T. Tomczak  
 
In this study we investigate if eutrophication management has the potential to substantially 
affect which areas are going to be most suitable for commercial fishing in the future. We use 
a spatial ecosystem model, forced by a coupled physical-biogeochemical model, to simulate 
the spatial distribution of functional groups within a marine ecosystem, which depends on 
their respective tolerances to abiotic factors, trophic interactions, and fishing. We simulate 
the future long-term spatial developments of the community composition and their potential 
implications for fisheries under three different nutrient management scenarios and changing 
climate. The three nutrient management scenarios result in contrasting developments of 
bottom oxygen concentrations and phytoplankton abundance, with substantial effects on fish 
production. Nutrient load reduction increases the spatial extent of the areas suitable for the 
commercially most valuable demersal fish predator and all types of fisheries. This suggests 
that strategic planning of fishery management strategies could benefit from considering 
future changes in species distributions due to changes in eutrophication. We show that 
combining approaches from climate research, physical oceanography, biogeochemistry, 
biogeography, and trophic ecology with economical information provides a strong foundation 
to produce scientific knowledge that can support a multisectoral management of ecosystems.  
 
 
8) Use of ecosystem models for management and policy 
 
Villy Christensen 
Institute for the Oceans and Fisheries 
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The University of British Columbia 
 
There’s widespread interest in and demand for models of aquatic ecosystems, and in this 
presentation I give an overview of how such models are used for management and policy 
based on a review focused on the most widely used ecosystem model type, Ecopath with 
Ecosim (EwE). There are around 500 published EwE models, and many of these are available 
for download in an online database, Ecobase.Ecopath.org. The review is structured around 
seven topics, (1) fisheries management, focused on evaluation of ecological, economic and 
social factors and tradeoffs, and for setting and evaluation of reference points, and 
increasingly as operating models for Management Strategy Evaluation (MSE); (2) fishing 
regulations, where development of STECF Multi Annual Plans, evaluations of the EU Landing 
Obligation and other bycatch studies are of interest; (3) indicators, with focus on the EU 
Marine Strategy Framework Directive; (4) evaluations of the fisheries sector, notably value 
chain analysis describing economic and social factors throughout the supply chain to the 
consumers; (5) spatial management, which includes development of MSE frameworks as 
operational tools for ecosystem based management, and applications aimed at developing 
toolboxes for evaluating impact of nuclear reactor incidences on seafood; (6) environmental 
impact assessments are a focus of much development, and includes evaluations of impact of 
dams, marine renewable energy, and major infrastructure; and (7) climate change research, 
based on coupling of physical, biogeochemical and food web models climate change, or 
linking to Earth System models to evaluate potential impacts of climate change, which 
impacts policies through IPBES, IPCC, Fisheries Management Councils, a.o.  
 
9) Applying Ecospace to advice policy 
Jeroen Steenbeek - Ecopath International Initiative (EII), Barcelona, Spain 
Marta Coll - Institut de Ciències del Mar (CMIMA-CSIC), Barcelona, Spain 
 
Spatial-temporal modelling capabilities of ecological models have significantly improved in 
recent years. This is also the case of Ecospace, the spatial-temporal module of Ecopath with 
Ecosim (EwE) approach, which has received several major improvements such as the new 
Habitat Foraging Capacity model (HFC model thereafter). The HFC offers the ability to spatially 
drive the foraging capacity of species from the cumulative effects of multiple physical, 
oceanographic, and environmental and topographic conditions (such as temperature, salinity, 
oxygen concentrations, primary production, substrate and depth). The HFC runs in 
conjunction with the EwE food web and fisheries dynamics 2, and, in combination with the 
spatial-temporal data framework (DF), bridges the gap between niche models and classic food 
web models. The HFC and the DF provide a range of coupling capabilities between EwE and 
other models, including lower trophic level models. Other major improvements of Ecospace 
include the re-designed Ecotracer, which tracks pollutants in marine food webs over time and 
space, and the updated Advection model. Following up on last years’ presentation about EwE 
software capabilities, we now wish to present to you several recent applications of the latest 
tools in EwE, and how this has lowered the boundaries between science and policy. 
 
10) Modelling the trophic transfer of a radionuclide released to the marine environment  
 
Kieran M. Tierney 
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Civil and Environmental Engineering, University of Strathclyde, 75 Montrose St, Glasgow, G1 
1XJ 
 
Ecopath with Ecosim (EwE) is widely used to model anthropogenic impacts on ecosystems, 
although very few EwE studies have modelled the fate of bioavailable contaminants. This 
study1 has developed a spatial-temporal model utilising recent developments in EwE 
software to predict the ecological fate of a contaminant radionuclide in the marine 
environment. In the UK, radiocarbon (14C) is routinely disposed of as highly soluble inorganic 
carbon into the Irish Sea from Sellafield, the nuclear fuel reprocessing facility in Cumbria, 
England. Due to its long half-life (5730 years), environmental mobility and high bio-
availability, 14C is the largest contributor to the European collective dose from the nuclear 
fuel industry. The model predicted observed trends in 14C activities between different species 
and through time. It also provided evidence for the integration of Sellafield 14C in species at 
higher trophic levels through time. 
1Tierney, K.M., Heymans, J.J., Muir, G.K.P., Cook, G.T., Buszowski, J., Steenbeek, J., Walters, 
W.J., Christensen, V., MacKinnon, G., Howe, J.A., Xu, S., 2018. Modelling marine trophic 
transfer of radiocarbon (14C) from a nuclear facility. Environmental Modelling and Software 
102, 138–154.  
 
11) Linking biogeochemical models to fish: lessons learnt and ways forward 
  
Jorn Bruggeman, PML/Bolding & Bruggeman ApS 
  
Despite a joint interest in marine ecosystems, it remains a large gap between biogeochemical 
models that focus on carbon and nutrient cycling, and fish models that endeavor to 
understand and predict stocks and catches. This gap does not just reflect a difference in the 
functional groups of interest (plankton vs. fish), but also a disconnect in the spatial and 
temporal scales that govern their behavior. In this presentation I explore a variety of 
approaches that have been use in the past decade to link the European Regional Seas 
Ecosystem Model (ERSEM) to fish models. In particular, I discuss the challenges that these 
approaches have encountered, their possible solutions, and the way we expect to take this 
work forward in the future. 
 
12) Developing and applying hydrodynamic and ecosystem models into coastal scale of 
Baltic Sea region 
 
Jaromir Jakacki, Lidia Dzierzbicka-Głowacka 
Institute of Oceanology, Polish Academy of Sciences, Sopot, Poland 
 
The presentation will consist of short description of the two ongoing projects. The first one, 
called WaterPuck with main goal to foster improvement of natural environment as well as 
development of regional and national economy, combines several different components and 
methods such as retrospective analyses of existing monitoring data sets, in situ measures and 
the application of various models to estimate main mechanisms and threats responsible for 
the pollution transport from the agricultural holdings and land-use structure to the surface 
and groundwater and potential predictability of environment change of the Puck District and 
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the Bay of Puck ecosystem. The eco-hydrodynamic model will cover Puck Bay area with 
horizontal resolution about 115 meters and vertical resolution 40 cm.  
The second one project is focused on commercialization of the results from ecosystem models 
implemented in our economic zones and it is called FindFish. The main goal of this project is 
to make bridge between researchers and fishing companies (which are mostly represents by 
cutter owners). The project will provide Knowledge Transfer Platform FindFish which will be 
a database containing historical data and current, online forecasts on the marine 
environment and living resources of the Gulf of Gdansk.  
 
 
Acknowledgement: 
The financial support for this study was provided by the project WaterPUCK (No. 
BIOSTRATEG3/343927/3/NCBR/2017) founded by the National Centre for Research and 
Development within the BIOSTRATEG III program. 
 
The financial support for this study was provided by the project FindFISH no. RPPM.01.01.01-
22-0025/16-00) founded by European Union through European Regional Development Fund 
within Pomorskie Voivodeship Regional Operational Programme for 2014-2020. 
 
13) Black Sea Fish Stocks under Changing Environmental and Climatic Conditions 
 
Ekin AKOĞLU, Barış SALİHOĞLU, Sinan Ş. ARKIN, Bettina A. FACH 
Middle East Technical University, Institute of Marine Sciences, Mersin 
Corresponding author e-mail: ekin@ims.metu.edu.tr 
 
 
A case study toward producing quantitative scientific advice on ecosystem-based fisheries 
management in the Black Sea is presented. Utilising a coupled, basin-scale circulation-
biogeochemical-food web model, estimates of fishing mortality rates at levels which will lead 
to restoring and maintaining stocks above biomass levels that could produce maximum 
sustainable yield (MSY) under the IPCC RCP4.5 future climate scenario are provided. In this 
study, near-future changes that may be observed in the Black Sea ecosystem under the 
influence of contemporary fisheries exploitation conditions are investigated. In order to test 
model response to changes in climate and related drivers, the future climate scenario (2015–
2020) was compared to the present day (2000–2014) scenario. Using these scenarios, fishing 
mortality rates that could ensure the maximum sustainable yield (FMSY) in future years 
(2015–2020) and the long-term recovery of the piscivorous fish stocks of the Black Sea are 
predicted. The results suggest that a significant reduction in fisheries exploitation is required 
for the sustainable management of the Black Sea fisheries. This study, for the first time, 
presents future stock size, FMSY, and MSY estimates for the Black Sea concerning eleven 
commercially-exploited fish species. 
 
Keywords: Black Sea, fisheries and climate impacts, ecosystem-based fisheries management. 
  
14) Modelling the structure, temporal and spatial dynamics of open-ocean and deep-sea 
ecosystems in the Azores 
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Joana Brito(1,2), Ambre Soszynski(1,2) , Telmo Morato(1,2) 
1) Departamento de Oceanografia e Pescas, Instituto do Mar, Universidade dos Açores, Horta, 
Portugal, 
2) Marine and Environmental Sciences Centre, Universidade dos Açores, Horta, Portugal, 
 
The archipelago of the Azores (Portugal) is the most remote group of islands of the Northeast 
Atlantic. Situated on the Mid-Atlantic ridge, the Azores open-ocean and deep-sea ecosystems 
and its natural resources have been increasingly exploited. Such trend strengthened the 
importance and the need to understand the structure and dynamics of the marine food-web, 
and to implement an ecosystem approach to management that ensures ecological, economic 
and social benefits of sustainable fisheries. In the last ten years, ecosystem-based models 
have been developed in the Azores to address different research questions from ecosystem 
functioning, to ecosystem impacts of fishing and new Common Fisheries Policy regulations, 
and spatial distribution of fisheries resources. 
 
An ecosystem model for the Azores exclusive economic zone (954,563 km2) was built using 
the Ecopath with Ecosim (EwE) modelling approach to characterize the food-web and 
ecosystem structure of the open-ocean and deep-sea environments of the Azores. Further 
efforts have been made to describe the temporal and spatial tropho-dynamics, using the 
Ecosim and Ecospace modules. The studies constitute a first assessment of ecosystem 
indicators in a historical 17-year-period and the effects of fishing in the Azores both at a 
temporal and spatial scale. Based on local biological, fisheries data and environmental data, 
we have tested drivers on temporal patterns for the period between 1997 and 2013. Model 
calibration allowed to identify fisheries are not the only ecosystem driver, but that the 
adjustment of trophic interactions and primary production anomaly helped replicating 
catches and biomasses time-series. Model outputs and indicators were analysed against 
environmental data of the Azores and North-East Atlantic region to identify drivers potentially 
contributing to the predicted ecosystem dynamics. The temporal model was used to project 
predator-prey interactions in space and describe species distribution patterns in response to 
fisheries, over the modelled period. With the long-term goal of using the Ecospace model to 
assist the implementation of local spatially-oriented management strategies, we have 
focused our efforts in the validation of the spatial-temporal predictions. The current version 
of the spatial model satisfactorily replicates observed catch trends for the commercially 
important groups. On the other hand, the inherent limitation of the software on including 
forcing functions, restricts our spatial model on fully hindcasting biomass temporal dynamics. 
Nonetheless, predicted overall biomass distribution patterns are consistent with habitat 
suitability models developed for the same species. Correlation analysis with vessel monitoring 
system data also allowed us to validate the spatial distribution of fishing effort predicted for 
the most important fleets operating in the Azores. Future versions of the food-web models 
aim at addressing the Marine Strategy Framework Directive (MSFD), namely to quantify the 
impacts of discards and the landing obligation at the ecosystem level through scenarios of 
potential future fisheries management strategies, to quantify the impact of the western 
waters regulation in the Azores, to quantify the effects of the establishment of marine 
protected areas, and to evaluate spatial distribution of fishing effort capable to mitigate the 
impacts on vulnerable marine ecosystems. 
 
  
 
23 
15) Satellite-derived habitat from plankton to top predators: a robust input data for 
ecosystem models 
  
Druon Jean-Noël* et al. 
European Commission – Joint Research Centre, Directorate D – Sustainable Resources 
Unit D.02 Water and Marine Resources, Ispra (VA), Italy 
*Corresponding author: Tel.: +39 0332 78 6468, jean-noel.druon@ec.europa.eu 
 
Trophic flows in marine food chains are complex due to the high dynamics of productive 
features in the pelagic ocean and to their various success in transferring the organic matter 
from phytoplankton to high trophic levels. Since about 90% of the energy flow is lost at each 
trophic step, it is essential for ecosystem modelling to identify the ocean processes that are 
mostly responsible of the transfer of the remaining 10% of the flow, at least from 
phytoplankton to zooplankton. A common type of ocean features of interest for all trophic 
levels was identified: chlorophyll-a fronts. Productive fronts, such as at the edge of eddies or 
gyres, are indeed active long enough (from weeks to months) to allow the continuous 
production of zooplankton. These mesoscale features were furthermore shown to attract fish 
and top predators (Druon et al. 2017, 2016, 2015, 2012). Productive fronts are tracked by 
Earth Observation at suitable time and space scales (daily, few km) so that the main ocean 
dynamics of importance for high trophic levels is captured. Satellite ocean colour observation, 
completed by physical ocean modelling (Copernicus), allow to derive robust habitats from 
zooplankton to tuna species or marine mammals taking into account the species ecological 
niche. The robustness of the approach lies in the observation of the surface ocean that 
monitors the effect of climate variability. These habitat products can, in turn, be suitably 
integrated in space and time to feed ecosystem models as input data for various trophic 
levels, thus providing a direct information on energy flow from Earth Observation to enhance 
the robustness of the ecosystem analysis. 
  
Druon JN, Chassot E, Murua H and Lopez J (2017) Skipjack tuna availability for purse seine 
fisheries is driven by suitable feeding habitat dynamics in the Atlantic and Indian Oceans, 
Frontiers in Marine Science 4:315 | DOI: 10.3389/fmars.2017.00315  
Druon et al. (2016) Habitat suitability of the Atlantic bluefin tuna by size class: an ecological 
niche approach, Progress in Oceanography 142:30-46.  
Druon et al. (2015) Modelling of European hake nurseries in the Mediterranean Sea: an 
ecological niche approach, Progress in Oceanography 130:188-204. 
Druon et al. (2012) Potential feeding habitat of fin whales in the western Mediterranean Sea: 
an environmental niche model, Marine Ecology Progress Series 464:289-306. 
 
16) Scenario generation within the CERES project  
Gabriel Jorda 
 
(not provided) 
 
17) Testing dynamic food web models before building scenarios 
Simone Libralato 
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Adherence of dynamic food web ecosystem models to observed data represents a 
challenge, increasing proportionally to models’ complexity and data availability from 
multiple sources. Lack of detailed knowledge for all ecosystem processes, subjective choices 
when creating the model (structure), large number of parameters and their uncertainty, 
quality of available data issues, all play a role in making the challenge a general issue. The 
increasing efforts in building these ecosystem models worldwide is making this challenge 
more common, while regulations and policy makers are asking for operational models and 
accurate results.  In this work will be presented examples of the sensitivity of coupled end-
to-end model results to realistic variability of forcings as well as estimation of precision and 
accuracy of food web simulations. For this purpose we used Ecopath with Ecosim (EwE) 
time-dynamic models for the Adriatic Sea also running model ensembles. Commonly, the 
ensembles in EwE are obtained by varying either or both the steady-state and time-dynamic 
model parameters, which constitute a general framework for evaluating uncertainty. 
Similarly, perturbations of environmental constrains and forcing functions might create 
ensembles that include these sources of uncertainty. However, an expert driven recursive 
fitting process in which fitting is obtained by sequentially targeting different groups, 
according to data quality and model objectives, result in an ensemble of models with the 
same structure, higher than average accuracies of the target groups but with very different 
specific responses. Results highlight strengths and weaknesses of different ensembles, as 
well as the difficulties in calibrating such complex food web models. The findings support 
the conclusion that expert driven recursive fitting procedure result in an ensemble that 
provides more realistically the complexity of the system.  
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Annex III: Workshop Agenda 
 
AGENDA 
Day 1 –Tuesday 20 March 2018 
10:00 Welcome coffee 
10:30 Workshop opening and welcome address by COM 
Round table introductions ALL 
Background  and review of scope and desired outcomes ENV 
11:00 Session I – General 
11:40 Coffee Break 
12:00 Session II – Ecosystem modelling for policy support 
13:00 Lunch Break 
14:00 Session II – Ecosystem modelling for policy support 
14:40 Session III – Coupling of low and high trophic levels 
15:30  Coffee break 
16:00 Session III – Coupling of low and high trophic levels 
17:30 Discussion day 1 
18:00 CLOSURE OF DAY 1 
19:30                                Dinner – Rouge Tomate 
09:00 Day 2 –Wednesday 21 March 2018 
09:00 Session IV – Use of modelling to address MSFD descriptors 
10:40 Coffee break 
11:00 Round table: lessons for EU level modelling 
12:00  
12:00 Conclusions and next steps 
13:00 Buffet Lunch 
14:00 
 
14:00 Reserved for group/bilateral talks 
16:00 END OF THE WORKSHOP 
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List of abbreviations and definitions  
 
BAU: Business as Usual scenario 
CFP: Common Fisheries Policy 
DG ENV: Directorate General Environment 
DG JRC: Directorate General Joint Research Centre 
DIC: Dissolved inorganic Carbon 
EC: European Commission 
EIA: Environmental Impact Assessment 
ERSEM: European Regional Seas Ecosystem Model 
EU: European Union 
EwE: Ecopath with Ecosim 
FABM: Framework for Aquatic Biogeochemical Models 
FMSY: Fishing mortality consistent with achieving Maximum Sustainable Yield (MSY) 
GES: Good Environmental Status 
IPCC: Intergovernmental Panel on Climate Change 
MEME:  Network of Experts for ReDeveloping Models of the European Marine Environment 
MF: Modelling Framework 
MS: Member State 
MSFD: Marine Strategy Framework Directive 
MSY: Maximum Sustainable Yield 
RCP: Representative Concentration Pathways 
SERS: Southern European Regional Seas 
SSP: Shared Socioeconomic Pathways 
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JRC Mission 
As the Commission’s  
in-house science service,  
the Joint Research Centre’s 
mission is to provide EU  
policies with independent,  
evidence-based scientific  
and technical support  
throughout the whole  
policy cycle. 
Working in close  
cooperation with policy  
Directorates-General,  
the JRC addresses key  
societal challenges while  
stimulating innovation  
through developing  
new methods, tools  
and standards, and sharing 
its know-how with  
the Member States,  
the scientific community  
and international partners. 
Serving society  
Stimulating innovation 
Supporting legislation 
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